Introduction
Only very few reports concern the synthesis and characterization of the unstable stannyl halide species H 3 SnCl, H 3 SnBr and H 3 SnI [2] [3] [4] , These species were prepared at low temperature from SnH 4 and the respective hydrogen halides, but due to their pronounced instability even at low temperature and in the gas phase at low pressure, vibrational spectra unambiguously attributable to these species could not be obtained. Convincing evidence for their existence comes from the 'H NMR [4] and mass spectra [3] , and some ground state constants were determined by microwave spectroscopy [5] [6] [7] . It was reported that the mw experiments performed at low temperature required continuous resampling, and lifetimes of a few minutes were noted.
The increase in sensitivity and precision of infrared spectroscopy by FT techniques and diode lasers since the early seventies makes an investigation of the gas phase IR spectra of these molecules seem promising. As these investigations were aimed at resolving rovibrational structure, the use of monoisotopic samples was compulsory because both tin (0. [8] . Such interference with SnH 4 absorptions does not affect the two lowest-lying fundamentals v 3 and v 6 of stannyl halides. but these vibrations, which are less intense in the IR than v^v 4 and v 2 /v 5 , fall into spectral regions (200-400 cm -1 and 400-500 cm -1 respectively) which are more difficult to study.
In spite of the great experimental difficulties we decided to study first the v 3 fundamental which is associated with the tin-halogen stretching motion and which is not expected to be perturbed. The molecular parameters of the r 3 = 1 state reflect tinhalogen bonding and may be compared with those of the corresponding trimethyl tin halides [9] and the series of silyl [10] [11] [12] and germyl halides [13] recently studied in our laboratory.
The tin-halogen stretching vibrations are expected to occur close to 400, 250 and 200 cm - After removal of volatile material the cell was brought to ~0°C within 10 min, and blocks of interferograms were measured during warm-up. After 10 min at 0°, all H 3 SnI had decomposed.
A double jacketed 17 cm stainless steel cell equipped with polythene windows was employed, precooled N 2 being used to adjust the temperature between -5 and 0°. The total pressure in the cell was of the order of 10 mbar. A Nicolet Series 8000 vacuum interferometer operating with an unapodized resolution of 0.035 cm -1 was used. It was equipped with a 6 p mylar beam splitter for the investigation of H 3 SnCl and H 3 SnBr while a 25 p mylar beam splitter was employed for H 3 SnI. A Cu:Ge detector was used for the spectral region > 340 cm -1 , while a bolometer was used in the region < 350 cm _1 . Both detectors were operated at 4.2 K. Due to the instability of the molecules in question, the maximum measuring time was 5, 15 and 10 min for chloride, bromide and iodide, respectively.
Calibration was with H 2 0 rotational lines [14] , the absolute wave number accuracy of peakfinderevaluated lines is better than ± 2 x 10 -3 cm -1 .
Results
In analogy to the related molecules H Both Q branches and J clusters in the P and R branches of the 2 v 3 -v 3 hot bands are clearly evident in all spectra, Figs. 1-3, and these hot bands have also been included in the band contour simulation. The hot band 3v 3 -2v 3 has been observed only in the best spectrum. Figure 2 .
In the absence of resolvable K structure, the observed spectra can be analyzed with polynomial least squares methods. Observed P and R branch peaks were fitted to the equation intensity. Therefore it was physically not meaningful to expand the polynomial beyond the quadratic term. The coefficients of the polynomial fits are set out in Table 1 . Lists of observed and calculated frequencies of peaks have been deposited as supplementary material [15] .
H 3 SnBr
The spectrum of H 3 ll6 Sn 79 Br and its simulation including v 3 and 2v 3 -v 3 are shown in Figure 2 . Peaks of v 3 and 2v 3 -v 3 were assigned and subjected to a polynomial fit for J" ^ 99/130 and 69/28 ( Q P/°R) respectively. As for H 3 SnCl, the cubic coefficient was not determined significantly for 2V 3 -V 3 . The coefficients of the polynomials are listed in Table 1 .
H 3 SnCl
The spectrum of H 3 116 Sn 35 Cl is illustrated in Fig. 1 and may be compared with a contour simulation including v 3 and 2 v 3 -v 3 obtained with the parameters listed in 3 , was 79/76 and 69/75 respectively. In the polynomial fit, some peaks which were broad or apparently blended were given lower weight.
For the hot bands, the number of data was considerably smaller than for v 3 because of the lower For the K correction of the a values from Table 1 it was assumed that the J peaks correspond to K = 3 and the quantity i A -i B is ~ 5 x 10 -4 . Thus, 5(5) x 10~3cm _1 were added to the a coefficients to yield the v 0 values of Table 2 . The spectrum of H 3 SnI, Fig. 3 , was most difficult to measure. Due to the smallness of IB, ~0.075cm _1 , with respect to the resolution available, ~ 0.04 cm -1 , the low vapor pressure at 0°C, the unavoidable presence of residual water in the interferometer and the high relative intensity of hot bands, the spectrum is not as good as those of the lighter species are. Rotational J structure was however clearly evident in favorable regions of the P and R branch, where hot band peaks are "in phase" with those of v 3 . °P and °R peaks with J" ^ 80 and 99 were assigned and subjected to the polynomial fit, Table 1 . The hot band 2v 3 -v 3 was only identified by its Q branch, though it was included in the simulation.
Discussion

K structure
Though K structure has not been resolved, the shape of the Q branches gives some indication for the size of i A . By experience, the quantity z A -i B is easily overestimated if determined from the shape of the Q branch because its low-frequency wing
The v 3 fundamentals of the pilot stannyl halide species have been detected and rotationally resolved in their Far Infrared spectra. It turns out that the absorptions previously observed at 383 and 370 cm -1 [3] could well be attributable to the v 3 fundamental of naturally abundant H 3 SnCl. We have also made some measurements on natural material. Though no rotational structure could be resolved, some isotope shifts of Q branches which are listed in Table 3 could be measured. It is evident that these can be well reproduced by a model which treats H 3 SnX as diatomic molecules. Therefore the quoted "diatomic" SnX force constant should be quite reliable. Similarly the centrifugal distortion constant calculated according to the diatomic approximation Rotational constants B 0 of H 3 SnCl and H 3 SnBr agree within their standard deviations with those of [5] and [6] . The slight B 0 difference for H 3 SnI has an explanation. In the mw investigation of the 13 <-12 and 14 <-13 transitions, no distortion due to Dj was observed, and this was fixed to zero. If an averaged correction +2Dj (7 + l) 2 for J" = 80.
The observed SnX stretching frequencies are at the upper end of the range quoted for methyl tin halides (CH 3 ) 4 _"SnX", 383-331, 264-235 and 207-174 cm -1 for X = Cl, Br, and I [16] , but substantially higher than in (CH 3 ) 3 SnX compounds (331, 234, and 189 cm-' [9] ). The extrapolated v 3 frequency of H 3 SnI, ~80cm _1 [7] , turns out to be
immaterial. An interesting comparison of v 3 rovibrational parameters for the entire series H 3 E IV X with E IV = Si, Ge, and Sn; X = Cl, Br, and I is now possible. This is set out in Table 4 .
We were surprised to note how close the respective parameters of isobaric compounds with comparable mass ratios, E IV :X = X:E IV , are. 
